Rare co-existance of disease or pathology Background:
Background
Prolongation of the QRS duration due to left bundle branch block (LBBB) is an important predisposing factor for systolic heart failure and atrial fibrillation (AF) [1] . Cardiac resynchronization therapy (CRT) that includes the use of an implantable cardiac device (ICD) can provide clinical benefit for patients with LBBB [2] . Intraventricular conduction disorders, such as LBBB, are usually stable and remain unchanged, irrespective of heart rate. However, in some patients, LBBB may vary with heart rate, and during episodes of AF, aberrant ventricular conduction, or wide QRS complex tachycardia, known as Ashman beats, can occur [3] .
This report is of a case of heart failure due to persistent AF and aberrant cardiac conduction due to LBBB, with the restoration of sinus rhythm following cardiac catheter ablation. Pharmacologic CRT with amiodarone and bisoprolol restored sinus rhythm, reduced heart rate, and treated heart failure without the use of an ICD. Left ventricular (LV) systolic function and heart failure symptoms improved with time, despite persistent sinus bradycardia and the inability of the heart rate to increase during activity (chronotropic incompetence).
Case Report
A 68-year-old man with persistent atrial fibrillation (AF) was referred to our hospital with symptoms of heart failure with the severity of the New York Heart Association (NYHA) class III. On hospital admission, the estimated duration of AF was several years, with the patient's ventricular rate being well controlled, between 60-90 (beats per minute (bpm) at rest, on treatment with the beta-blocker, bisoprolol, 2.5 mg daily.
Serial electrocardiograms (ECGs) showed AF and a mixture of narrow (116 ms) and wide (152 ms) QRS complexes, consistent with left bundle branch block (LBBB). The frequency of narrow and wide QRS complexes was comparable, and short runs of wide QRS complexes were seen ( Figure 1A) .
A chest X-ray showed a cardiothoracic ratio (CTR) of 48%. narrow and wide QRS complexes were preceded by His potentials ( Figure 1B ), indicating that the wide QRS complexes were LBBB aberrant forms of cardiac conduction.
Initially, pharmacologic treatment with 3.75 mg bisoprolol daily and 200 mg amiodarone daily was not effective for AF cardioversion and did not inhibit LBBB aberrant cardiac conduction. Sinus rhythm was temporarily restored by cardioversion with 200 mg of amiodarone. During sinus rhythm, no LBBB aberrant cardiac conduction changes were observed. However, the initial pharmacologic rhythm control regimen failed to maintain sinus rhythm.
Therefore, cardiac catheter ablation, including left atrial pulmonary vein isolation and creation of linear lesions along the left atrial roof, was performed. At the time of writing this case report, sinus rhythm has been maintained since cardiac catheter ablation. Following this procedure, serial ECGs taken at monthly intervals showed mainly narrow QRS complexes, but with occasional wide QRS complexes, consistent with LBBB ( Figure 1C, 1D ). The dose of bisoprolol was increased from 3.75 to 5 mg daily in an attempt to inhibit aberrant conduction by decreasing the sinus rate. The dose of amiodarone was decreased, in a step-wise manner, from 200 mg to 75 mg daily, but with consideration of the risk of the side effects of amiodarone. Details of the pharmacologic drug dosing regimens are shown in Figure 2 .
At two months following cardiac catheter ablation for AF, the dose of amiodarone was 150 mg daily, and the dose of bisoprolol was 3.75 mg daily. Twenty-four hour Holter ECG monitoring showed mean, maximum, and minimum heart rates of 47 bpm, 66 bpm, and 39 bpm, respectively, and the prevalence of LBBB aberrant cardiac conduction was 34%, indicating the presence of chronotropic incompetence, or inability of the heart rate to increase during physical activity, and disturbed conductivity of the left bundle branch. Following cardiac catheter ablation for AF, cardiac parameter changes, including a decrease in NYHA class, CTR, and LV diastolic diameter, and an increase in LVEF were observed with time. At nine months following cardiac catheter ablation for AF, the dose of amiodarone was 75 mg daily, and the dose of bisoprolol was 5 mg daily. Twenty-four hour Holter ECG monitoring showed mean, maximum, and minimum heart rates of 54 bpm, 75 bpm, and 40 bpm, respectively, and the prevalence of LBBB aberrant cardiac conduction was 0%, indicating improvement in chronotropic incompetence and left bundle branch cardiac conductivity.
At 18 months following cardiac catheter ablation for AF, treadmill exercise ECG showed that the peak heart rate was 93 bpm, whereas the age-predicted peak heart rate was 151 bpm. No LBBB aberrant cardiac conduction abnormalities were observed, even at peak exercise levels. Details of the clinical course and changes in clinical parameters are summarized in Figure 2 .
Discussion
Changes in the length of the QRS cycle on electrocardiogram (ECG) during atrial fibrillation (AF) can occasionally induce physiologically aberrant ventricular cardiac conduction, known as Ashman phenomenon [3] . Ashman beats are more commonly associated with right bundle branch block (RBBB), but can also be associated with left bundle branch block (LBBB). In this case report, a cardiac conduction abnormality consistent with LBBB was diagnosed, even after a relatively long coupling interval, indicating that the aberrant cardiac conduction was not physiological, but pathological.
LBBB may cause deterioration in cardiac function via modification of electrical activation within the left ventricle (LV). The QRS duration is a marker of intraventricular conduction delay, and QRS prolongation is associated with adverse clinical outcome in patients with heart failure [4] . In the present case, the LBBB QRS duration was 152 ms, and an apparent LV systolic dyssynchronous motion was observed at the time of appearance of LBBB on ECG, indicating that this conduction abnormality had a large negative effect on LV systolic function. Therefore, the inhibition of LBBB conduction by restoration of sinus rhythm and the pharmacologic reduction in heart rate resulted in improved LV systolic function.
AF exerts detrimental effects on cardiac function and hemodynamic status by several mechanisms, including loss of the atrial contribution to ventricular filling, increase in mean atrial pressure, tachycardia-mediated systolic dysfunction in cases of poor control of heart rate, reduced duration of passive diastolic filling, and an irregular sequence of RR intervals. Therefore, in this case, in addition to inhibiting LBBB cardiac conduction, restoration of sinus rhythm was also assumed to contribute to the improvement in cardiac function with pharmacologic cardiac resynchronization therapy (CRT). Although, it is difficult to comment on the degree of contribution of these two factors, inhibition of LBBB and restoration of sinus rhythm, the association of tachycardia-mediated systolic dysfunction seemed to a minimal contributor to impaired cardiac function, because the ventricular rate, or heart rate, was well controlled before cardiac catheter ablation for AF.
Pharmacologic treatment with bisoprolol and amiodarone inhibited aberrant conduction by decreasing sinus rate. However, in this patient, chronotropic incompetence was present, even after restoration of sinus rhythm, A potential causal relationship between beta-blocker therapy and chronotropic incompetence has been previously reported [5, 6] . However, it is difficult to determine whether the chronotropic incompetence seen in this case was attributable to the bisoprolol and amiodarone therapy. Several previously published studies have reported that the presence of chronotropic incompetence is associated with increased cardiovascular mortality and lower exercise capacity in patients with heart failure [5, 7, 8] . However, even with chronotropic incompetence, 24-hour Holter ECG monitoring at nine months following cardiac catheter ablation for AF showed increased peak heart rate when compared with that at two months following cardiac catheter ablation. One of the possible reasons for this improvement in chronotropic incompetence was the increased exercise capacity of the patient due to improvement in cardiac function.
Furthermore, in this case, despite the increased heart rate, the prevalence of LBBB aberrant cardiac conduction was 0%, which also indicated an improvement in left bundle branch conduction. Karaca et al. reported that reduction in QRS duration was seen in responders to CRT, indicating that cardiac conductive remodeling is associated with functional and structural remodeling [9] . Also, a previously published case report described the effective treatment of LBBB following CRT [10] . These findings indicate the importance of optimal medical therapy before the use of an implantable cardiac device (ICD) for CRT. The optimal medical or pharmacologic therapy for heart failure can improve conduction disturbance in CRT candidates by reversal of cardiac functional and structural remodeling. It is important to note that the maximum possible dose of beta-blocker should be administered because the dose-dependent reduction of LBBB seen in this case could occur in patients with sinus rhythm as well as patients with AF.
In this reported case, the improvement in cardiac function and reduction in the LBBB cardiac conduction abnormality might have had synergistic effects. A further possible reason for the improvement in cardiac conduction in LBBB was the reduced dose of amiodarone. Bepridil, which has less effect on the cardiac conduction system compared with amiodarone, might have been a more favorable treatment option in this case. However, bepridil was not given to this patient, because of the possibility of inducing excessive QT prolongation, leading to potentially fatal ventricular arrhythmia in patients with heart failure. The trade-off between the restoration of sinus rhythm with the inhibition of LBBB and chronotropic incompetence had a favorable result on the cardiac function and heart failure status in this patient.
